The quantity of ionizing radiations needed to sterilize canned foods generally impairs both their nutritive qualities and palatability (Hannan, 1955; Schultz et al., 1956) . However, thermal processes also lower these qualities in canned foods (Stumbo, 1949) . In both instances, the extent of damage increases with the severity of the treatments. Consequently, the heat processing schedules that are used industrially are based upon the minimum levels required to kill those microorganisms that might endanger the health of consumers or which would cause the food to spoil during storage (Stumbo, 1949) . For these reasons, new sterilizing techniques that will retain or improve the organoleptic properties of canned foods without lowering their safety or nutritional qualities are constantly being sought. Since it has recently been shown that heat and gamma radiation are synergistic when used together for killing the spores of anaerobic bacteria (Morgan and Reed, 1954;  Kempe, 1955) , it is possible that combined irradiation-heat processing of canned foods could result in an improved procedure. The present study is concerned with establishing combined irradiation-heat processing schedules for previously heat sterilized ground beef that was then inoculated with Clostridium botulinum 213B spores before the cans were closed. Future studies will deal with experiments utilizing putrefactive anaerobe (PA)3679 spores. for 1 hr. Next the experimental cans were either irradiated or temporarily stored in a refrigerator. The 8 controls were placed in an incubator immediately: the experimental cans were incubated after thermal processing but were first cooled by immersion in cold water. Incubation was carried out at 99 F or 84 F as indicated.
B. Irradiation
The canned meat was irradiated in the center well of the large cobalt-60 gamma radiation source in the Fission Products Laboratory at the University of Michigan (Lewis et al., 1954) . In this center well the radiation field had an essentially constant intensity which was measured by ferrous-ferric sulfate dosimetry as previously described (Kempe et al., 1954 from the 24 inoculated cans. All eight cans were then incubated. If no gas pressure developed in the uninoculated controls, the meat in the experimental cans was presumed to contain only those spores that had b)een purposely introduced. Gas development in the inoculated control cans demonstrated viability of the culture.
In addition, occasional cans were selected at random from among those producing gas for verification of the culture's identity. Toxin production, as indicated by mouse inoculation tests (Kempe et al., 1954) , was used for this purpose.
RESULTS
Two series of tests were conducted. In the first series, shown in table 1 L. L. KEMPE, J. T. GRAIKOSKI, AND P. F. BONVENTRE C. botulinum 213B spores were used per can of meat and the incubation was carried out at 99 F. In the second series, shown in table 1 and figure 2, 300 such spores were used per can of meat and the incubation temperature was 84 F. The data in both series of runs showed that when irradiation and heat were used together the amount of each form of energy required to produce sterile canned meat was less than that required when either form was used alone. Also, approximately 1.0 megarep of gamma radiation was required before the accompanying heat-processing treatment could be appreciably reduced and still produce sterile meat. These data further indicate that the initial-spore concen- tration in the meat significantly affected the severity of the combined irradiation-heat processing treatment required to produce sterility. For example, with 5,000,000 spores per can, an Fo of more than 0.6 was needed to produce sterility following treatment with 1.0 megarep of gamma radiation, but, with 300 spores per can, an F0 of less than 0.2 was required after a like amount of radiation.
DISCUSSION
Besides the previously observed (Kempe, 1955; Morgan and Reed, 1954) synergistic action of gamma radiation and heat for killing anaerobic bacterial spores, other considerations indicate the desirability of a combined irradiation-heat processing treatment for sterilizing canned foods. For example, the dosage of 2.0 megarep that is commonly suggested (Schultz et al., 1956) for sterilizing foods will not completely inactivate enzymes (Hannan, 1955) , pathogenic viruses (Jordon and Kempe, 1956) , certain micrococci (Anderson et al., 1956) , or botulinus toxin (Hannan, 1955) . On the other hand, viruses, micrococci, botulinus toxin (Dack, 1943) and all but a few enzymes are quickly destroyed by moist heat at 212 F. Since all these should be inactive in canned foods, a combined irradiationheat processing treatment that is designed to kill C. botulinum spores should produce safe canned foods because any such process would involve heating the food to temperatures of 230 F or above. However, since C. botulinum spores are less resistant to heat than certain other anaerobic bacterial spores found in foods prevention of spoilage will likely require combined irradiation-heat processes of greater severity than those reported here. The combined irradiation-heat processing treatments required to sterilize canned ground beef inoculated with PA3679 spores will be described in a future paper. Streptomycin injury to Eseherichia coli was reversed by a variety of salt solutions (Wasserman et al., 1954) . Lethal injury induced by several bactericidal chemicals was circumvented by the exposure of cells to metabolic intermediates (Heinmetz et al., 1954) . The number of nonviable cells produced by IV irradiation was reduced by supplying the cell with coenzymes and metabolism intermediates whose action or formation is presumably inhibited by the treatment (Heinmetz and Lehman, 1955) . The reversal of "death by unbalanced growth" in a thymineless mutant of E. coli and in strains of E. coli treated with UV irradiation have been reported (Cohen and Barner, 1954; Barner and Cohen, 1956 ).
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